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The warrior of light knows the value of persistence and of courage. 
Often, during combat, he receives blows that he was not expecting. And he  
understand that, during the war, his enemy is vanquish some of the battles. When this  
happens, he weeps his sorrows and rests in order to recover his energies a little. But he  
immediately resumes his battle for his dreams. 
Because, the longer he remains away, more likely he is to feel weak, fearful and  
intimidated. When a horseman falls off his horse, if he does not remount immediately,  
he will never have the courage to do so again. 
- 
El guerrero de la luz conoce el valor de la persistencia y del coraje. 
Muchas veces, durante el combate, él recibe golpes que no esperaba.  
Y comprende, que durante la guerra, el enemigo vencerá algunas batallas. 
Cuando esto sucede, él llora sus penas y descansa para recuperar un poco las energías. 
Pero inmediatamente después vuelve a luchar por sus sueños. 
Porque cuanto más tiempo permanezca alejado, mayores son las probabilidades de 
sentirse débil, miedoso e intimidado.  
Cuando un jinete cae del caballo y no vuelve a montarlo al minuto siguiente, jamás tendrá 
valor de hacerlo nuevamente. 
 
Paulo Cohelo. 
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Resumen 
 
Estudio del fenómeno de Isla de Calor en una ciudad tropical andina colombiana, caso de 
estudio: Manizales, Caldas – Colombia. 
 
La forma en que las ciudades fueron construidas y sus formas, tiene  efectos sobre 
la incidencia de la radiación solar, permaneciendo y calentando toda la superficie. Las 
actividades industriales también generan calor y emisiones, las cuales influencian en el 
aumento de las temperaturas cambiando el medioambiente urbano favoreciendo el efecto 
de un fenómeno climático conocido como Isla de Calor Urbano (UHI)    
Las ciudades colombianas, debido a su topografía, ubicación geográfica y 
actividades antropogénicas pueden ser afectadas por este fenómeno, haciendo necesario 
y apropiado desarrollar estudios de temperatura ambiental urbana, para conocer la 
dinámica climática y establecer si existe o no la isla de calor urbana en estas.    
En el caso de Manizales ubicado en el departamento de Caldas, fue desarrollado un 
estudio de UHI, utilizado el método de transectos térmicos en 13  estaciones móviles, 
localizados en puntos característicos de la ciudad. Se utilizó una camioneta en la cual, se 
instaló una estación meteorológica móvil Davis Instruments® perteneciente al Instituto de 
Estudios Ambientales IDEA de la Universidad Nacional de Colombia sede Manizales. 
Datos de temperatura ambiental y la velocidad del viento tomados de cada punto, 
realizando una corrección de altitud a las temperaturas muestreadas para llevar a cabo 
mapas termales y de velocidad del viento. También, se correlacionaron estos datos con 
los datos de  temperatura y velocidad de viento, previstos por la red de estaciones del 
Instituto de Estudios Ambientales IDEA, además se calculó la intensidad de UHI y la 
tendencia de la temperatura nocturna en los últimos ocho años en la ciudad. 
Los mapas térmicos, evidencian que la temperatura ambiental de la ciudad se 
concentra en el centro de Manizales. La correlación de Pearson entre la temperatura 
muestreada y los datos de velocidad del viento de la red de estaciones, así como la 
relación entre la intensidad de UHI y la velocidad del viento, fueron negativa -0.119 y -
0.114 respectivamente.  
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religioso (Catedral de Manizales) y el área financiera, la cuales influencian en la alta 
densidad poblacional que diariamente circunda en la zona y ejerce una presión en 
factores ambientales urbanos, causando problemas ambientales climáticos como el 
fenómeno de isla de calor urbano 
La tendencia de temperatura en los últimos ocho años ha sido influenciado por la 
presencia del fenómeno de El Niño en 2010 y La Niña en 2007, 2008 y 2009 años que 
fueron afectados por el fenómeno, produciendo daños económicos invaluables en la 
región Andina colombiana.  
Palabras claves: UHI, centro urbano, temperatura, velocidad del viento     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
STUDY OF HEAT ISLAND PHENOMENON IN ANDEAN COLOMBIAN 
TROPICAL CITY 
IV 
 
 
 
Abstract 
 
The way the cities were built and their shapes, has effects on the incidence of solar 
radiation, remaining and heating the entire surface. Industrial activities also generate heat 
and emissions, which influence in the increased temperatures changing the urban 
environment, favour the effect of a climatic phenomenon known as Urban Heat Island 
(UHI).  
The Colombian cities, due to their topography, geographic ubication and 
anthropogenic activities can be affected for this phenomenon, making  necessary and 
appropriate to develop studies of environmental urban temperature, to know the climatic 
dynamic and establish if exists or not the urban heat island in there.  
In the case of Manizales ubicated in Caldas State, was developed UHI study, using 
the method of night thermal transects in 13 mobile stations, located on characteristic 
points of the city, used a pick-up truck in which, automatic mobile weather station Davis 
Instruments® was installed, belonging to the Environmental Studies Institute IDEA from 
National University of Colombia in Manizales headquarters. 
The environmental temperature and wind speed data took at each point, making an 
altitude correction of sampled temperatures to develop thermal and win speed maps. Also 
correlated these data with the temperature and wind speed of Environmental Studies 
Institute IDEA network stations, although was calculated UHI intensity and temperature 
trend in the last eight years in the city.  
The thermal maps, evidence that, environmental temperature of the city is 
concentrated in downtown of Manizales. The Pearson correlate between sampling 
temperature and wind speed data of network stations as well the UHI intensity and wind 
speed relation, was negative -0.119 and -0.114 respectively. 
This indicates, the structural shape to the city of Manizales influence on the 
temperature rise in downtown, because there coincide with the commercial, where 
coincide with the historical center, the political center (Caldas Office Governor and Mayor 
of Manizales), religious (Cathedral of Manizales) and Financial District  which, influence in 
the high population density that goes around there daily and exerts a pressure on urban 
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environmental factors, causing climatic environmental problems such as the heat island 
phenomenon. 
The temperature trend in the last eight years has been influence by the presence of 
El Niño phenomenon in 2010 and the La Niña in 2007, 2008 and 2009, years was affected 
by the phenomenon, produced invaluable economic damages in the Colombia Andean 
Region.     
 
Key words: UHI, downtown, Temperature, wind speed. 
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Introduction 
 
The concern for climate variability and its influence on the change in precipitation, 
temperature, water availability has become particularly relevant, since those changes 
impact on the socioeconomic conditions of all inhabitants of the planet. Understanding this 
variability is important to prevent and mitigate the adverse effects and to get the major 
benefits of correct prediction. 
The Urban Heat Island is a climatic phenomenon that develops in cities, which 
produces an intense heat accumulation, because the materials which were built, absorb 
and radiate heat. Furthermore, the way the cities were built and their shapes, has effects 
on the incidence of solar radiation, remaining and heating the entire surface. Industrial 
activities also generate heat and emissions influence in the increased temperatures. 
Therefore, it can be considerated as an indicator of anthropogenic phenomenon of urban 
environmental degradation of a city, taking into account that, first, the lack of vegetation 
(parks, trees, gardens, etc.) incentives the phenomenon, and second, the presence of 
vegetation and their density attenuates it. 
The Colombian cities, due to their topography, geographic ubication and 
anthropogenic activities can be affected for this phenomenon, making  necessary and 
appropriate to develop studies of environmental urban temperature, to know the climatic 
dynamic and establish if exists or not the urban heat island in there.  
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Chapter I 
Theoretical Framework 
1.1 Urban Climate 
 
Humanity living in an era of urbanization, but the fact that now more than half of the 
people on this planet live in cities not only means a high concentration of people and 
economic activity in select places, it also implies a fundamental restructuring of the 
relations between cities and their hinterlands as well as among cities regionally and 
globally (Ruth & Baklanov, 2012).  
Urbanization initiates one of humanity's most dramatic land use changes: a natural 
landscape, often containing transpiring vegetation and a pervious surface, is converted to 
a built, largely impervious landscape made-up of rigid, sharp edged roughness elements. 
Exchanges of heat, water vapour and momentum between the new urban "surface" and 
the atmosphere are modified by the different radiative, thermal, aerodynamic and moisture 
properties of the urban landscape (Cleugh, 1995).  
At the same time as the relation between urban and non-urban areas changes, the 
built, socioeconomic, and natural conditions of cities themselves continue to change. 
Some of these changes are driven by the needs and desires of urban populations, such as 
the proliferation of infrastructures to facilitate the transport of people, shipments of goods 
or the expansion of power and water supply systems to support human activities (Ruth & 
Baklanov, 2012). 
Changes in urban conditions have often caused deterioration in environmental 
quality and may result in damage to the health of city-dwellers. The differences between 
the climate of a city and the climate of its surroundings are referred to as the “urban 
climate” (Kuttler, 2008). 
Kuttler (2008) counts four main causes of urban climate, which result from different uses of 
built-up areas, are: 
1. Replacement of natural soil by sealed surfaces, mostly artificial and having a 
strong 3-D structure;  
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2. Reduction of the surface area covered by vegetation;  
3. Reduction of long-wave emission of the surface by street canyons and  
4. Release of gaseous, solid and liquid atmospheric pollutants, and waste heat. 
These factors all have severe impacts on radiation and thermal properties such as 
evapotranspiration, water storage, and atmospheric exchange in near-surface layers. 
Properties of urban climates throughout the world are generally comparable. However, the 
regional and local situation of an urban area, the infrastructure available and local 
economic structures all modify the local anthropogenic climate (Wienert 2002 viewed 
Kuttler, 2008).  
1.2 Structure of urban atmosphere 
 
The structure of the urban atmosphere depends on the type, size and arrangement 
of obstacles to air flow and the resulting mechanical and thermal turbulence. The urban 
boundary layer is a local to meso-scale phenomenon whose characteristics are governed 
by the nature of the general urban ‘surface’. Beneath roof-level is the urban canopy layer, 
which is produced by micro-scale processes operating in the streets (‘canyons’) between 
the buildings (Fig. 1). Its climate is an amalgam of microclimates each of which is 
dominated by the characteristics of its immediate surroundings. In the case of severe 
convection in the daytime, the total thickness of the urban boundary layer may reach 
several hundred meters. During the night, the layer is only a few decametres thick. In 
these weather conditions, radiation inversions may form; in the surrounding area, these 
inversions may be more intensive because of severe cooling and the lack of heat emitted 
by the urban fabric. On the lee side of a city, the urban plume may extend several km 
downwind, resulting in conditions similar to the urban climate, but less pronounced 
(Kuttler, 2008). 
Normally, urban windspeed is lower than that of the countryside. But the surface-
level windspeed may be significantly higher in built-up areas than in surrounding areas 
during calm and cloudless weather conditions (especially at night and in the early morning) 
when Urban Heat Island (“UHI”) values are high and the overall airflow is in transition. The 
transitional speed depends on the size and structure of the city. Such thermally-generated 
airflows are called country breeze systems, and are characterized by a relatively low-
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speed (and normally intermittent) air flowin a layer of a fewmetres above the surface. In 
ideal conditions, this country breeze flows radially into the city, supplying cold air to the 
urban area (Barlag & Kuttler 1990, 1991 view in Kuttler, 2008). 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Features of the urban boundary layer (taken from Kuttler, 2008) 
 
1.3 Understand Urban Heat Island 
 
Air temperatures in cities are normally higher than in the non-urban areas. These 
upper temperatures are produced by the combustion of fuels in factory, heating, and 
transportation systems, and, additional highly, the release at night of heat which has 
collected throughout the day in the fabric of the city, for the bricks and concrete of the 
buildings act as huge storage space heaters (Almusaed, 2011).  
The excess heat produced by the behavior of the cities has a consequence the 
formation of the urban heat island phenomenon. Their effect is the most obvious 
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atmospheric modification attributable to urbanization. The replacement of natural surfaces 
by those characteristic of a city radically alters the aerodynamic, radiative, thermal, and 
moisture properties in the urban region (Oke & Maxwell, 1975).  
Mechanisms producing the Urban Heat Island Effect include (after Oke 1979) 
(Kuttler, 2008): 
Urban Boundary Layer 
• Anthropogenic heat from roofs and stacks.  
• Entrainment of heat from warmer canopy layer. 
• Entrainment of heat from overlying stable air by the process of penetrative 
convection.  
• Shortwave radiative flux convergence within polluted air. 
Urban Canopy Layer 
• Anthropogenic heat from building side.  
• Greater shortwave absorption due to canyon geometry. 
• Decreased net long-wave loss due to a reduction of the sky view factor by 
canyon geometry (sky- view factor is the ratio of the amount of the sky “seen” 
from a given point on a surface to that potentially available). 
• Greater daytime heat storage (and nocturnal release) due to thermal properties 
of building materials. 
• Convergence of sensible heat due to reduction of wind speed in canopy. 
• Greater sensible heat flux due to decreased evaporation resulting from removal 
of vegetation and surface waterproofing. 
The heat islands of the urban canopy layer affect the atmosphere between the 
surface and mean roof height. Urban boundary layer heat islands from above the canopy 
layer as a result of heat transfer, artificial heat input, and increased absorption of radiation 
by atmospheric pollutants with resulting thermal re-emission. This type of heat island has 
already extended so far upwards into the atmosphere above a city that it is propagated 
downwind by the overall wind patterns and gives the well-known “urban plume” (Kuttler, 
2008). 
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 Oke (1982 viewed in Stewart & Oke, 2012) counts the causes of the urban heat island 
effect. Each cause represents an urban modification to the surface energy and radiation 
balance: 
1. Greater absorption of solar radiation due to multiple reflection and radiation 
trapping by building walls and vertical surfaces in the city. Greater absorption is not, as 
often assumed, due solely to lower albedo of urban materials. 
2. Greater retention of infrared radiation in street canyons due to restricted view of 
the radiatively “cold” sky hemisphere. Sky view becomes increasingly restricted with taller 
and more compact buildings (Fig. 2). 
3. Greater uptake and delayed release of heat by buildings and paved surfaces in 
the city. Often incorrectly attributed only to the thermal properties of the materials, this 
effect is also due to the solar and infrared radiation “trap” and to reduce convective losses 
in the canopy layer where air flow is retarded. 
4. Greater portion of absorbed solar radiation at the surface is converted to sensible 
rather than latent heat forms. This effect is due to the replacement of moist soils and 
plants with paved and waterproofed surfaces, and a resultant decline in surface 
evaporation. 
5. Greater release of sensible and latent heat from the combustion of fuels for urban 
transport, industrial processing, and domestic space heating/cooling. Heat and moisture 
are also released from human metabolism, but this is usually a minor component of the 
surface energy balance. 
 
 
 
 
 
 
Figure 2.The thermal f ield interaction between buildings (taken from 
(Almusaed, 2011) 
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1.4 Background and Justification  
 
It has been demonstrated that cities can alter in several degrees all the parameters 
of their local weather. These modifications are complex and have multiple sources: air 
composition change, in nature and surface roughness and radiation balance disturbance. 
Increment energy consume and difference in radioactive balance combination, 
means that cities are warmer than the non-urban areas between 1.3 to 15 °C, giving origin 
to the urban heat island phenomenon. UHI characterization is fundamental information to 
evaluate the increment in energetic consumes and the pollution associated with 
urbanization phenomenon. From their analysis and diagnostic is possible to develop a 
strategic planning of city growth, to allow in short and middle term a mitigation of the 
negative effect of urbanization on regional climate and quality life of urban dwellers (E. 
Correa et al, 2006).                       
The heat island effect was observed in the first time in London in the XIX century 
and, since then, there have been numerous observations of the phenomenon in cities 
around the world (Lansberg, 1981 viewed in Ashie, 2005).  
In many cities in Latin America, its development occurred from the center and 
expanded toward the periphery, following the developments of railway and present routes, 
under a continuous an apparent lack of planning  (Jiménez, 2002 viewed in Ángel et al, 
2010). No exception has been in Colombian cities like Bogotá, in which was found that the 
temperature has been increasing. Pabón et al. (1998) refer the presence of a heat island 
that has been forming since 1970 in downtown and expands northward. For that, and the 
continuous population growth of Colombian cities, is necessary to study this climatic 
phenomenon in other cities like Manizales, to know if in this city exists the presence of 
heat island, or if instead, the influence of their geomorphological characteristics, dissipate 
the accumulation of environmental temperature and therefore, we would find the absence 
of the urban heat island.  
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1.5 Hypothesis  
 
The cities conformation, their distributions, materials with which they were built, their 
evolutionary growth, the size of buildings and human activity (industry, transport, 
household activities) are factors that affect the environmental temperature of its urban 
area and make it different from that peripheral zone (non- urban area), climate 
phenomenon known like Urban Heat Island that also occurs in Andean Colombian 
tropical cites like Manizales.       
 
1.7 Objectives 
 
General  
Determining the presence or absence, of the phenomenon of urban heat island in a 
Colombian Andean Tropical city. 
 
Specifics  
 
• Adapting and implementing the most appropriate methodology for a case 
Andean tropical city like Manizales. 
• Knowing the environmental temperature behaviour of the city of Manizales. 
• Determining the existence of the heat island phenomenon in Manizales. 
• Analysing the evolution and structure of the phenomenon in the city of study. 
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Chapter II 
Literature Review 
 
2.1 Introduction 
 
There are numerous studies about the urban heat island phenomenon developing 
around the world, the majority of scientist studies was carried out in cities located in 
Europe, North America and Asia, and a low number of studies were performed in Central 
and South America.  
Many methods are used to determine how a city affects climate. Early methodologies 
included sampling the differences between urban and rural environments; upwind and 
downwind portions of the urban area; urban and regional ratios of various climatic 
variables; time trends of differences and ratios; time segment differences such as weekday 
versus weekend; and point sampling in mobile surveys throughout the urban environment 
(Lowry 1977 viewed in Stefanov & Brazel, 2007). This point sampling, led to the discovery 
of the famous heat-island phenomenon.  
In different case-studies, due to differences in methods used in the collection of the 
data (such as relying on data from meteorological station (s) vs carrying out field 
measurements) and/or differences in the selected thermal parameter (minimum 
temperature, daily temperature range, maximum temperature, annual or monthly mean 
temperature), among other factors, these methodological differences are critically 
important and often render difficult or impossible generalization of the research 
(Alcoforado & Andrade, 2008). 
In this chapter we will analyses and understand the different techniques used in the study 
of urban heat island, thereby, establishing a methodological framework for this present 
study. 
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2.2 Modeling Techniques  
 
Modeling techniques are especially useful for predicting the spatial and temporal 
features of urban heat island, and have enable urban climatologist to better understand the 
causes behind this phenomenon. Inductive models are based on empirically derived 
spatial correlations that commonly relate meteorological conditions, land used, urban 
geometry and city size to urban heat island intensity and configuration. However in recent 
decades deductively assessing urban heat island through analytical models and physical 
theory has proven to be a more fruitful area of research (Stewart, 1998). 
Oke (1973) demonstrated the form of the relationship between urban heat island 
intensity (difference between background rural and highest urban temperatures (∆T u-r) and 
city size (as measured by population, P). Most of the previous work in this area was 
directed at evaluating the effect of a city’s growth over time, on its heat island. In this study 
heat islands from many settlement sizes were compared at the same period in time, thus 
eliminating the need to separate the effects of city growth from the effects of regional 
climatic change. The area of the studio was a St. Lawrence Lowland region in the Province 
of Quebec, Canada. 
In this study ∆T u-r was measured for a range of settlement sizes under an 
experimental design which kept the following influences “constants”:      
a) Topography: the survey was located on flat terrain. 
b) Water bodies: there were no lakes or other large water bodies in the vicinity 
of the settlements 
c) Climate: all settlements were at approximately the same latitude, in the same 
climate region and likely to have the similar domestic heating requirements. 
To further simplify conditions, all observations were taken with clear skies. 
d) Time: all settlements were surveyed on the same evenings during the period 
when the heat island is usually most pronounced  
e) Instrumentation: the same thermometer was traversed through each 
settlement thus eliminating errors due to inaccurate instrument comparisons.  
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In this way it is anticipated that inter-urban comparisons were valid, and ∆T u-r should 
only be a function of urban influences and the prevailing regional meteorological controls, 
mainly wind speed (ū). Where the pertinent these data were compared to those from other 
towns and cities under comparable conditions, and simple model was suggested to enable 
prediction of ∆T u-r when skies are clear.  
The data was subjected to stepwise multiple regression analysis. The combination 
yielding the highest explanation of variance was : 
∆T u-r = 1.91 log P - 2.07 ū + - 1.73  
Oke (1973) with this formula found that firstly, we must recognize that there is a finite 
limit to any phenomenon such as a heat island, and that is the energy available to support 
it. The differential warmth of the urban atmosphere is a function of urban/rural energy 
source, and energy-partitioning differences; and secondly, when a city attains a large heat 
island the urban/rural temperature gradient often becomes sufficient to induce a 
convergent thermal breeze circulation. This airflow will prevent complete stagnation from 
occurring, and provides a built-in limit to further heat island growth. 
 Another example with this methodology is Unger et al (2001)  they investigated the 
effects and interactions inside the city on the surface air temperature under all weather 
conditions except rain at the time just a few hours after sunset when the UHI effect is most 
pronounced. 
The first aim of the investigation was to construct horizontal isotherm maps to show 
the average spatial distribution of maximum UHI intensity in the studied period, as a whole 
and seasonally (spring and summer). The second aim was to determine quantitative 
influences of anthropogenic and natural factors on the urban–rural temperature differences 
in the whole period.  
The studio city was in Szeged, located in the south-eastern part of Hungary on the 
Great Hungarian Plain (46°N, 20°E) at 79 m above sea level. The city and its environs are 
situated on a wide flood plain. The Tisza River passes through the city but there are no 
large water bodies nearby.  
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Unger et al, (2001) discovered the isotherms of the maximum UHI intensity increase 
in regular concentric shapes from the out- skirts to the central urban areas, with no 
significant difference in the seasonal (spring and summer) pat- terns; and statistical 
modeling of ∆T, based on urban factors, is an appropriate process. As they can see, from 
the correlation coefficients of parameters, close proximity to the city center and a high 
built-up ratio play important roles in the increment of the urban temperature. On the other 
hand, the utilization of meteorological factors for modeling of ∆T was not suitable because 
of the short period of investigation.  
Furthermore, Blankenstein & Kutter (2004) studied in the city of Krefeld Germany, 
during June, July and August 2003. The city is located near the river Rihne, south-westerly 
of the Ruhr Basin and is surrounded by a rather ample rural environment. The purpose of 
this study was, to measure downward longwave radiation and air temperature patters in 
various urban environments an relate them to the sky view factor, to supplement the 
understanding of the thermal behavior of cities and the interrelationship with their three 
dimensional structure. 
They measure the downward longwave flux in street canyons that is the result of 
surface temperature and also from surface geometries and surfaces sizes. The 
measurements were realized on seven clear and calm nights between 22:00 CET and 
0:45 CET and lasted for two hours. Speed of the measurement vehicle was maintained at 
25 km h-1.  
Blankenstein & Kutter (2004) found results that demonstrate the interrelation 
between longwave radiation and SVF is very strong and similar for built-up vegetation 
environments. However, the air temperature is weakly correlated with street geometry 
because typical materials and building masses of urban regions are also important for air 
temperature. Also, the mobile method used here was well satisfied to detect the spatial 
pattern of downward longwave radiation, even though the complex structure of plant 
canopies produces some data scatter.  
Other, study developed within this methodology is was conducted by Velazquez-
Lozada et al, (2006). They used The Regional Atmospheric Model System (RAMS), to 
validate the presence of UHI and to simulate and compare three different land use 
scenarios, consisting of potential natural vegetation present, and projected future to 
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quantify the impact of the urban development in the regional climate of Puerto Rico. RAMS 
simulated the UHI conditions at the lower and upper atmosphere, revealing significant 
changes in sensible heat fluxes and sinks, and an increasing low turbulent-kinetic- energy 
zone (LTKEZ) over the urbanized area of San Juan.  
The analysis of the three land use scenarios, leads to the conclusions that the urban 
land cover and land use (LCLU), has a significant impact on the general dynamics of the 
north coast of the island of Puerto Rico, and should be taken into consideration to simulate 
atmospheric conditions of the Island or any other tropical city, with similar urban LCLU 
scenarios. From the numerical simulations of the UHI, it is concluded that the thermal 
inertia is the most important factor that affects the local urban climate.  
In addition to this technique, in the city of Wrocław, SW Poland, the Geographically 
weighted regression algorithm (GWR) has been applied to derive the spatial structure of 
urban heat island (UHI). That work was developed for Szymanowski & Kryza (2012). 
Seven UHI cases, measured during various meteorological conditions and characteristic of 
different seasons, were selected for analysis. GWR results were compared with global 
regression models (MLR), using various statistical procedures including corrected Akaike 
Information Criterion, determination coefficient, analysis of variance, and Moran’s I index. 
It was found that GWR is better suited for spatial modelling of UHI than MLR models, as it 
takes into account non-stationarity of the spatial process. Their main effort was in 
recognizing GWRK as the most proper method is its statistical correctness due to 
unexplained (by independent variables) and non-stationary phenomena.   
Other authors who used this technique were (Bejaran & Camilloni, 2003), Freitas et 
al (2006), Jones & Lister, (2007), Liu et al, (2007), Agarwal & Tandon (2010), C. Liu et al, 
(2011), Mohsin & Gough, (2011), Camilloni & Barrucand, (2011) Ozdemir et al (2012).    
Models are mere simplifications of the real world. As such assumptions are 
incorporated into models to approximate real-world conditions. It is impossible for 
numerical or scale models to fully account for the complex array of factors in urban and 
atmospheric systems. This, inevitably, lead to problems of over-simplification and 
misrepresentation (Stewart, 1998). These are a tool to understand by numeric and 
computer system, how is the function and form of the city, how the atmospheric systems 
and climate phenomenon affect that, and help the political organization take decisions, 
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about strategic planning city growth, to prevent and adapt for climate anomalies that may 
occur in a future. 
2.3 Remote sensing Techniques 
 
Remote sensing is the science of gathering information from a location that is distant 
from the data source. Image analysis is the science of interpreting specific criteria from a 
remotely sensed image. An individual may visually, or with the assistance of computer 
enhancement, extract information from an image, whether it is furnished in the form of an 
aerial photograph, a multispectral satellite scene, a radar image, a base of LIDAR data, or 
a thermal scan; also is a dynamic technical field of endeavor (Dennis, 2002; Canada, 
2007).  
Gomarasca (2009) resume some important characteristics of remote sensing, like:  
As a source of information for georeferencing are: 
• Synoptic vision of ground surface conditions otherwise not obtainable with 
traditional techniques; 
• Repeating cycle: periodic observations enabling temporal comparisons and 
updating of the collected data; 
• Multispectral acquisitions. 
 Information acquisition with techniques of remote sensing is developed in three 
phases: 
• Collection of data from the ground, aerial and/or satellite acquisition 
stations; 
• Processing of the collected data; 
• Data interpretation, followed by the restitution, hardcopy or digital, of 
thematic cartography. 
From the instruments used for collecting the information, it is possible to derive 
• Measures: using radiometers, spectrophotometers, scatterometers; 
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• Images: obtained by traditional and digital photographic cameras, or photo 
cameras, scanners, thermal cameras and radar. 
The instruments are divided into: 
• Passive sensors: recording the intensity of the reflected electromagnetic 
energy coming from the Sun or emitted by the Earth: photo cameras, 
scanners, thermal cameras and video cameras; 
• Active sensors: the acquisition systems emit radiation themselves, 
collecting the back signal (radar); the radiation is backscattered to the 
sensor with intensity depending on the structural characteristics of the 
examined surface and on the wavelength (λ) of the incident energy. 
It is also common to distinguish between 
• Optical: spectral range in the interval 0.3–15 µm, typical of passive remote 
sensing, identified by the sensors: 
– Panchromatic: one band including the visible range and in some 
cases part of the near infrared; 
– Multispectral: 2–9 spectral bands;  
– Super-spectral: 10–16 spectral bands;   
– Hyperspectral: more than 16 spectral bands; 
The increase of the number of bands in general improves the bandwidth (band- 
width is more common) and the spectral interval. 
• Radar: microwaves ranging from 1mm to 1m, typical active remote 
sensing tool, that can operate, with single or multi-polarization and with 
single or multiple incidence angle, in: 
- Single frequency; 
- Multi-frequency. 
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Sensor Pixel (m) Wavelength Range 
(Bands) 
Repeat Cycle (Temporal 
Coverage) 
AVHRR 1100 VSWIR (2), TIR (3) 9 days at nadir; sensors on 
several platforms al- low for 
multiple daily acquisitions 
(1984-) 
TM 30 – 120 VSWIR (6), TIR (1) 16 days (1982-) 
ETM+ 15 - 60 Pan VNIR (1), VSWIR 
(6), TIR (1) 
16 days (1999-) 
ASTER 15 – 90 VSWIR (10), TIR (5) 16 days (1999-) 
MODIS 250 – 1000 VSWIR (20), TIR (16) 16 days; sensors on both 
Terra and Aqua platforms 
allow for 1-2 days (1999-) 
SPOT 1-5 2,5 - 20 Pan VNIR (1), VNIR 
(3), or VSWIR (4) 
26 days (1986-) 
ICONOS 1 – 4 Pan VNIR (1), VNIR 
(4) 
3 days off-nadir (1999-) 
QUICKBIRD 0,6 – 2,8 Pan VNIR (1), VNIR 
(4) 
1-3.5 days off-nadir (2001-) 
RADARSAT 10 - 100 5.7 cm (C-band) 24 days (1995-) 
HYERION 30 VSWIR (220) 16 days (2000-) 
Astronaut 
photography 
Variable (4 or 
greater) 
Pan visible, VNIR 
Variable 
Variable (1961-) 
Table 1. Selected satellite sensor specification taken from Stefanov & Brazel (2007). Note: 
HRV (High Resolution Visible) and HRVIR (High Resolution Visible- Infrared). 
 
Remote sensing has long been a useful tool in global climate studies since it 
provides physically-based, worldwide, consistent spatial information (Baret et al., 2007; 
Melesse & Shih, 2002; view in Romaguera et al., 2010), which represents a major 
improvement compared to the traditional point measurements. In the last few decades, the 
advances in science and technology have led to an increasing series of remotely sensed 
systems for Earth observation and monitoring, with applications in various fields of the 
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environmental sciences, such as agriculture, meteorology, geology, land cover dynamics, 
global climate studies, hydrology (Romaguera et al., 2010) and urban environmental. 
The most common objective for urban remote sensing projects over the years ,has 
been to produce a map of urban land use. This type of map is always in demand, as a 
practical tool for planners and others who need to study urban structure. Preparation of 
land use maps, may also, lead to other applications such as studying urban change over 
time by, comparing land use maps made several years apart (McCoy, 2005). That type of 
studies is an excellent tool to understand the cities and the behavior of urban heat island, 
as well as existing a relationship between the form, population and structures of the city 
(Oke, 1973; Taylor et al., 2010). 
Studies developed with this technique like, Voogt & Oke (1998), they carried out an 
observation programme, using three primary study areas within the city of Vancouver 
Canada, to obtain thermal infrared observations of surface temperature through AGEMA 
Thermovision 880 thermal imaging system, was temporarily installed in a Bell 206B 
JetRanger helicopter. The scanner uses a cryogenically-cooled detector sensitive primarily 
in the 8± 14 mm waveband. The scanner was fitted with a 12ß FOV (field of view) lens. 
Images were obtained by scanning a set number of lines (140 or 280).  
Unger et al. (2001) constructed horizontal isotherm maps to show the average 
spatial distribution of maximum UHI intensity. They used parameters of land-use for the 
grid cells, were determined by GIS methods combined with remote sensing analysis of 
SPOT XS images (Mucsi, 1996). Vector and raster-based GIS database were compiled in 
the Applied Geoinformatics Laboratory (University of Szeged). The digital satellite image 
was rectified to the UNMS using 1:10 000 scale maps. The nearest-neighbor method of 
resampling was employed, resulting in a root mean square value of less than 1 pixel. 
Because the geometric resolution of the image was 20 m × 20 m, small urban units could 
be assessed independently of their official land-use classification. 
Streutker (2002), studied the urban heat island in Huston Texas, using temperature 
maps, obtained from AVHRR Level 1b High Resolution Picture Transmission (HRPT) data. 
The analysis area encompassed a 2×2° box centred about the city. Each dataset 
consisted of a nadir view of the city, taken at approximately 0400 LST (1000 GMT) by the 
National Oceanic and Atmospheric Administration NOAA-14 satellite. Due to the orbital 
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properties of the NOAA polar orbiting satellites, such images are produced approximately 
once every two weeks. Of these datasets, 21 were rejected due to significant cloud 
contamination, leaving 27 useful radiance datasets.  
He et al., (2007), studied the UHI intensity, manipulated the National Land Cover 
Dataset (NLCD) of China. The NLCD is based on remote sensed data – Landsat TM=ETM 
(Thematic Mapper=Enhanced Thematic Mapper) that covering three periods: the end of 
the 1980s (1985–1990), 1995=1996, and 2000. This contains land use data in vector 
format with a scale of 1:100,000 and gridded land use percentage data at a one square 
kilometer resolution.  
Other study realized in this year was make for García et al., (2007) when analyzed 
the atmosphere and surface urban heat island and their relationship with the land use in 
the city of Mexicali, Baja California, México. They examined in situ measurements of air 
temperature, and the use of NOAA´s AVHRR and Ladsat thermal satellite images data. 
The results show the development of a nocturnal urban heat island, whose highest mean 
value was recorded in autumn (4.5 °C). 
 Peña (2008) used Landsat Enhanced Thematic Mapper Plus (ETM+) data to 
evaluated the UHI in Santiago of Chile. Another example is Schwarz et al (2012) when 
implement LST data to study the magnitude of UHI in Leipzig Germany, they used 
Daedalus AADS 1250 sensor and land cover data to characterize the case study region.  
    These and many other studies have been and are being implemented in the last 
years, which makes remote sensing, as one available and accessible tool, to develop 
more studies about climatic phenomena, in either city or  region specified. 
 
2.4 Ground Sampling Techniques 
 
Traditionally the most recognized means of assessing urban heat islands, involve 
two approaches. First, mobile units equipped with temperature sensors traverse a city and 
its surrounding countryside in a linear or circuitous fashion, typically obtaining a dense 
spatial sampling of temperature data in a relatively short time period. Automobiles are the 
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standard mode of transportation during a mobile survey; however trains, bicycles, and 
walking on foot have also been successful.  The second approach involves a fixed network 
of climate stations. The conventional arrangement, consist of a centrally located urban 
station paired with a neighboring rural station. The spatial resolution and configuration of 
the network depend entirely upon the objectives and logistics of the study (Stewart, 1998). 
Some exemples of studios and authors, that using this techniques are, Oke (1973) 
selected a traverse route was about 140 km in length, and took approximately 3 hours to 
complete by automobile. The route was chosen to include 10 settlements whose 
population sizes ranged from 1000 to 2 million, and whose location ensured that they 
would be free from topographic and water influences, with the possible exceptions of 
Montereal and the town of Chamby.  Temperature was measured with a thermistor probe 
mounted at ≃ 1.5m, and to one side of an automobile. The car left downtown Montreal at 
about 2030 Easter Standard Time (EST) and within settlements the traverse speed of the 
car was <50km h-1.  
Oke & Maxwell (1975), were gathered temperature data in Montreal, Quebec and 
Vancouver British Columbia by automobile traverses. The close transverse routes were 
both ca. 40km in length making it possible for them to be completed in just less than 1 h. 
The routes were chosen to include a range of distinct land-use types; for Montreal these 
were urban core (Central Business District), industrial, residential and rural; for Vancouver 
they were urban core, residential, urban park, and rural. Standard meteorological 
observations (Canadian Atmospheric Environment Service) of wind (at 10 m), and cloud 
were used to characterize the general weather conditions. The data from St. Hubert Airport 
and Vancouver International Airport were used for Montreal and Vancouver respectively, 
to compared with temperature data took in transverse routes. 
Fuentes (1994) evaluated the urban land used types with urban heat island intensity 
in Guadalajara Mexico. Using the thermal transect by automobile, realized a 46 total trips, 
that routes which correspond to two transects that cross the city in different areas of the 
town center, and from the center to the periphery. In addition, was measured through 
aerial photography and maps of the city, the land uses to correlate with UHII. The high 
direct correlation between heat island and building density, demonstrated the favorable 
performance of this cover in the genesis of the phenomenon, on the contrary, the high 
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inverse correlation in areas with high density of green spaces, indicates that such covers 
the difficult or weaken. 
de Steffens et al. (2001), studied in Temuco South of Chile the influence of 
anthropogenic effect in the city. The Temuco’s heat island was analyzed during the end of 
the summer. Measurements of air temperature and humidity across the city were made to 
determine the intensity and the form of the heat island in Temuco. Mobil stations were 
used to make the measurements. Data from a fixed meteorological station was also used. 
The city presented a different thermal behavior along the day. During the day the city 
generates a heat island similar to the ideal one. The intensity of the heat island was 6.3ºC 
and 1.2ºC, during the day and night respectively. 
In Mendoza Metropolitan Area (MMA) in Argentina, E. Correa et al. (2006) study the 
phenomenon and their relation with urban canyons. Using the transect method, composed 
of 69 monitoring stations located on different parts of the city, development and 16 fixed 
stations placed inside the MMA, the data obtained in this studio were temperature, 
humidity, wind speed and direction, solar radiation and the Sky View Factor (SVF). The 
data analysis was developed, calculated the principal component analysis, correlation 
circles and squared cosine variables. The results suggest that the representation of the 
phenomenon in four axes, may explains as much as 80% of the variability of the observed 
data. The results suggest that the representation of the four axes phenomenon may 
explain as much as 88% of the variability of the observed data. The four axes show, that 
there is a close relationship between the air temperature within the urban canyons 
evaluated and thermal properties, the materials that compose the site, mainly its ability to 
absorb and retain heat. Also, the conditions of access to sun and wind access to the 
premises assessed, and vehicle traffic.  
Stewart (1998) used automobile transects to sample temperatures across Regina in 
Canada, at irregular spatial and temporal intervals. Air temperatures were measured at 
predetermined sites along two circuitous routes that were designed to cover different 
regions of the city. It included 22 predetermined sites and required an observation time of 
nearly two and a half hours. When both routes were conducted simultaneously, this dual 
transect system provided complete coverage of the city. A total of 31 nocturnal transects 
(including four spatial surveys) was completed between June and November 1996. All 
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transects began two hours after sunset and were adjusted to a base time of approximately 
three hours after sunset. 
Montávez et al., (2000) studied in Granada, Spain the phenomenon using 
instantaneous temperature data at 84 points around the city. They obtained the data by 
means of two mobile units, equipped with digital thermohygrometric probes covering 
almost all of the city and some points of the outskirts. The temperatures taken around the 
city were calculated for the same hour (central hour of the transect) using a function of 
temporal temperature evolution that we constructed. For the fitting we used both the 
temperature differences obtained at several points of the transects (crossing points) and 
the fixed stations. 
Pinho & Manso, (2000) to determine the presence and form of the urban heat island 
in Aveiro (Portugal), scheduled measurements of the air temperature (using temperature 
sensors: a Datataker 50 data logger properly calibrated beforehand). They took, by 
passenger car, along previously defined routes, covering diverse areas of the city and its 
surroundings: urban spaces, rural surrounding areas and the encircling marshland. The 
measurements were taken during 48 nights in the summer, autumn and winter of 1996, 
between 2300 hours and 0100 hours, the time in which the differences between the urban 
and rural temperatures are supposedly highest. 
In Campina Grande, Brazil, Da Silva et al., (2010) did field campaigns, were carried 
out during single months taken as representatives of the dry season (November 2005) and 
rainy season (June 2006). The mobile measurements of air temperature and relative 
humidity were taken hourly at seven points from sunrise to sunset. They selected the 
points based on judgment where the people usually choose a route for walking or another 
regular physical activity. On average, the beginning and end of each mobile measurement 
were the following: transect 1 (T1) = 5:14– 6:36; transect 2 (T2)=7:05–8:19; transect 3 
(T3)= 8:35–9:51; transect 4 (T4)=10:09–11:28; transect 5 (T5) = 11:54–13:15; transect 6 
(T6) = 13:52–15:02; transect 7 (T7) = 15:6–17:1; and transect 8 (T8) = 17:31–18:34. All 
data were collected by a 23X data logger (Campbell Scientific, Inc.) programmed for 
collecting data every second and storing the average of each 3-min interval for the mobile 
measurements. 
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Other example of this type of methodology is the studio realized by Schwarz et al 
(2012).  They used mobile measurements, were performed on a route that is west of the 
city center of Leipzig, Germany and shows a gradient from dense urban structures into a 
large green urban area. They designed the route to include roads with different tree 
covers. The route from the city center to the park was approximately 4.5 km one-way and 
was measured once in each direction, starting from the city center at 7:00 pm (a total time 
of approximately 2 h). They located the instruments in a backpack that was carried by one 
person. Sensors were placed outside the backpack at a height of approximately 0.9 m 
above the ground. The routes were recorded by a GPS device (Garmin). The air 
temperature and humidity were measured using a Q-Trak 8552 monitor (company TSI 
Inc.) with an accuracy of ±0.6 K for air temperature and ±3.0% for relative humidity. 
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Chapter III 
Methodology 
 
3.1 Site of study 
Manizales spreads on the western slopes of the Central Mountain Range, from the 
top to the banks of the Cauca River. It has an altitude of 2.126 meters above sea level and 
an area of 508 Km2 (DANE, 2005 saw in Martínez, 2007 in Hermelin; et al, 2007).  The 
city is located in the geographic coordinates 75°33’10’’ W and 5°06’15’’ N. It presents a 
wide variation of climates, from the warm moist transitional to dry warm transitional in the 
western part of the municipality on the banks of rivers Chinchiná and Cauca, with 
temperatures into 24 and 16°C, precipitations between 2011 and 2600 mm/year and 
potential evapotranspiration of 1400 and 1340 (mm/year); in the eastern sector of the 
municipality, exists a cold wet and very humid climate, in the upper Rio Blanco basin, 
having temperatures between 4 and 10°C, and average annual rainfall of 1600-2000 mm 
with a bi-modal rainfall regime (Martínez, 2007 in (Hermelin; et al., 2007). 
According to 2005 census, the municipally has a total of 368.433 inhabitants; the 
majority of its population is concentrated in the urban area as 342.620 people living there 
and only 25.813 are located in rural areas; according to the projections made in POT 
(Plan de Ordenamiento Territorial in Spanish) Manizales will have a population of 461.853 
inhabitants in December of 2024 (DANE, 2005; Corpocaldas, 2002, view in Martínez, 2007 
en Hermelin; et al., 2007) 
3.2 Methodological development       
For the development of this study, the methodology chosen is known as thermal 
transects (Oke, 1973; Oke & Maxwell, 1975; Stewart, 1998; Blankenstein, S. Kutter, 
2004; Kuttler et al., 2007; Schwarz et al., 2012) where a line transect by the city was 
taken, having as reference 13 important points of the city. In the case of the city of 
Manizales, important points were taken, which are characteristic and referenced for the 
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urban population of the city because they concentrate most of the traffic, people and 
commercial sector of the city. (Table 2, Figure 3).  
 
Point No Name Ubication Altitude  Latitude  Longitude  
1 La Linda Rural 2017 5°05'37"N 75°31'56"O 
2 Villapilar Clinic Urban 2128 5°04'60"N 75°31'32"O 
3 Antique Terminal Urban 2149 5°04'21"N 75°31'11"O 
4 Paris Store Urban 2122 5°04'14"N 75°30'56"O 
5 Fundadores Theater  Urban 2156 5°04'05"N 75°30'38"O 
6 Manizales Clinic Urban 2148 5°03'58"N 75°30'21"O 
7 Plaza 51 Urban 2180 5°03'52"N 75°29'52"O 
8 El Triangulo Urban 2173 5°03'44"N 75°29'38"O 
9 Catolic University  Urban 2192 5°03'35"N 75°29'15"O 
10 
Architecture Faculty 
(El Cable) 
Urban 
2203 
 
5°03'20"N 75°29'07"O 
11 Il Forno Restaurant Urban 2244 5°02'53"N 75°28'39"O 
12 Niza Urban 2232 5°02'53"N 75°28'39"O 
13 Cerro de Oro Rural 2306 5°03'14"N 75°28'31"O 
Table 2. Night sampling points through the city of Manizales. 
 
3.3 Thermal Transect 
For sampling, a pickup truck was used, which on the back, automatic mobile weather 
station Davis Instruments® was installed, belonging to the Environmental Studies Institute 
IDEA from headquarters National University of Colombia in Manizales. The environmental 
temperature and wind speed data were taken at each point, pausing for five minutes while 
data were taken (every minute), then moving to another sampling point. 
The station was located at a height of 10 meters from the ground (approximately), 
thus to avoid any interference with the vehicle exhaust; studio tours were conducted 
between February and March 2013, temperature data were taken between 19 and 21 
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hours. They were in total 16 trips (round trip) in order to get data from one of the dried or 
low rainy seasons that the region presents (Jaramillo, 2005).   
 
Figure 3A. Map mobile sampling point 
 
For statistical analysis, we performed a correction for altitude (Jaramillo, 2005; 
Stewart, 2011) using the SPPS 17.0 statistical software;  matching the lower and higher 
altitudes at constant altitude range of mobile stations in order to achieve uniformity in the 
temperature data and thus a better analysis (Franco, 2013).  
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Figure 3B. Nocturnal sample points around the Manizales city. 
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3.4 Construction for thermal maps 
Using ArcGis 10.1 software a climate modeling was performed, with which we  
obtained a map of isotherms; in this way we constructed a heat map that describes the 
behavior of temperature in the city, comparing the sampled temperature data in field 
(corrected by altitude regression) with the temperature and wind speed of network stations 
from Environmental Studies Institute IDEA from National University of Colombia Manizales 
headquarters (Table 3). 
These temperatures were processed taking ancient existing data, the same months, 
days and hours (Appendix 1), which were developed in the tour to compare among both 
temperatures to also have a statistical reliability analysis. 
 In addition, it was constructed a wind map to contrast temperatures sampling with 
wind speed to know, if exists a relationship between the two variables and their behavior.  
 
Station Altitude (msnm) Latitude Longitude 
La Palma 1967 5°5’45,5’’ N 75°31’45,9’’ O 
Ingeominas 2226 5°4’17,2’’ N 75°31’27,5’’ O 
El Carmen 2112 5°3’41,4’’ N 75°31’11,2’’ O 
Hospital 2183 5°3’46,6’’ N 75°30’2,1’’ O 
Postgrados 2179 5°3’22’’ N 75°29’32,3’’ O 
Yarumos 2195 5°3’47,6’’ N 75°28’52,63’’ O 
Niza 2256 5° 3’15,5’’ N 75°28’47,67’’ O 
Table 3. Network stations from Environmental Studies Institute IDEA 
 
3.5 UHI intensity 
Calculating the intensity of the phenomenon we used corrected altitude temperature 
and the average temperature. They were taken from no urban station (Cerro de Oro) and 
the central station of the route (Fundadores Theater) calculating a subtraction between 
them to also get the UHI intensity. 
		
=	°
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These values were correlated with the temperature and wind speed values, obtained 
from the network of stations of the Environmental Studies Institute IDEA, using the SPPS 
statistical software. All statistical analysis were calculated with a 95% confidence level.  
3.6 Temperature Trend Analysis  
Graph temperature trend was built, from temperature network of stations of 
the Environmental Studies Institute IDEA contrasting it with temperature data of the night 
tour to know how the environmental temperature behavior city has been, in the last eight 
years. 
3.7 Problems Encountered  
 
During collection data, rainy days occurred that prevented the night tours; also the 
institutional schedule with nocturnal sampling development presented a very busy 
schedule which was combined with the rainy weather, this delayed the proposed agenda 
to develop sampling. In addition to this, data that has the IDEA network stations have, are 
of a few years, because the network has only ten years of existence in his first season 
(Postgrados) and there are only five stations that have a range of standard annual data 
since 2005, because of this it was able to perform the analysis of temperature trends only 
from this year. 
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Chapel IV 
Results 
4.1 Thermal Transect 
 
In the hours that nocturnal sampling was developed (19-21 h), we observed a 
constant flow of vehicular traffic. These are commonly called “peak” hours because they 
are offset hours of general population coming back to their homes, also shopping and 
visiting entertainment sites such as restaurants and bars. 
It should be noted that the sector from Catholic University to Niza is the sector of 
clubbing of the city; therefore weekend days when we developed 
the night sampling, were the most crowded ones presenting more influx of vehicles. 
Also during the tour sectors like 51 Plaza to El Cable, we observed the presence of 
strong winds but at the time the measurement, was not influenced in making temperature 
in the days when sampling. 
Another feature that was presented in the sampling night was the change in the 
thermal sensation, probably due to the altitude difference presented between the sampling 
points. For example in the Cerro de Oro travel to La Linda, arrival at Fundadores Theater, 
the thermal sensation was warmer with regard to Catholic University, and in the opposite 
route (La Linda – Cerro de Oro) the thermal sensation was a colder sensation between 
Manizales Clinic to Niza (Table 4 and 5). 
Regarding to correction of the altitude to 2100 m, the regression with r2 de 
0,753 was  
 = 	3434,9	– (°
	 × 63,411) 
On the opposite the linear regression for the temperature corrected by altitude to 
2100 meters (Table 6) with r2 de 0,753 was  
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 = 45,77 − (	 × 0,012) 
In addition to these results, we made a graph (Figure 4) showing the behavior of the 
average temperature data sampled during the study, it should be noted that temperature 
data results and other analysis were developed with 2100 meters corrected temperature 
data; this graph was compared to the thermal profile developed by Oke, 1976 (view 
in Moreno, 1999). 
 
 
 
Figure 4. A. Thermal profile of heat island "typical" Oke, 1976 (view in Moreno, 
1999). B. Behavior of mobile temperature along the transect night. 
 
4.2 Thermal Maps 
From the data supplied by the IDEA, we obtained the thermal maps of the city of 
Manizales. Figure 5 shows the change in temperature of the city between the sampled 
points, observing warmer temperatures in the center of the city between the points, 
Manizales Clinic and La Linda, with temperatures between 19.7°C and 20.5 °C degrees. 
The relationship between the sampled temperature and permanent stations 
temperature (Fig. 6) was -0.16; these values indicate that there is not strong influence 
among the variables due to that their relationship is negative (-1 < -0.16 < 0); the sampled 
temperature and wind speed relation was -0.119. (-1<-0.119<0), also negative. 
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 Mobile Stations   
Day 
Cerro 
Oro 
Niza 
Il 
Forno 
Cable 
Catolica 
U 
Triangulo 
51 
Plaza 
Manizales 
C 
Fundadores 
Paris 
S 
A 
Terminal 
Villapilar 
C 
La 
Linda 
Average 
feb1 19,12 18,84 19,4 19,48 19,66 19,68 20,08 20,2 20,16 20,14 20,24 19,72 19,4 19,70 
feb6 18,84 18,68 18,98 19,38 19,76 19,82 20,1 19,9 19,86 20,1 20,2 19,76 19,4 19,60 
feb7 18,4 18,8 19,26 19,62 19,7 19,8 19,8 19,9 19,74 19,7 19,96 20,46 20,14 19,64 
feb8 17,16 18,16 18,52 18,52 18,66 18,94 18,96 19 19,12 19,08 18,8 19,02 18,92 18,68 
feb11 17,24 17,1 17,46 17,7 17,6 17,84 17,96 18,02 18,3 18,76 19,24 19,1 19,24 18,12 
feb14 16,4 16,9 16,6 16,7 17,3 18,1 18,3 18,34 18,6 18,6 18,28 18,18 18,4 17,75 
feb15 18,9 18,7 19,18 18,8 18,8 18,82 18,9 19,4 19,3 20,08 20,68 20,2 20,4 19,40 
feb16 18,6 18,9 18,5 18,7 19,38 20,02 20,1 20,8 21,34 21,4 21,32 21,6 21,5 20,17 
feb22 20,1 19,9 19,8 19,7 19,84 19,7 19,86 20,1 20,66 21,14 21,38 21,14 20,92 20,33 
mar5 19,4 19,94 19,5 19,14 19,62 21,26 21,84 22,46 22,84 22,8 22,44 22,68 23,1 21,31 
mar7 20,68 20,2 20,8 21,34 21,66 21,6 21,6 21,7 21,76 21,8 21,7 21,28 20,9 21,31 
mar12 20,4 20,84 21,34 21,64 21,88 22,6 22,7 22,62 22,7 22,8 22,7 22,7 22,6 22,12 
mar13 19,7 19,48 19,74 20,36 20,6 20,4 20,48 20,28 20,2 19,8 20,16 19,8 19,9 20,07 
mar14 18,8 19,3 19,12 18,82 19,34 20,2 20,3 20,72 21,2 21,6 21,3 21,4 21,8 20,30 
mar15 18,74 18,38 18,6 19,34 19,7 19,58 19,62 19,38 19,42 19,46 19,7 19,16 19 19,24 
mar16 17,94 18,48 18,78 19,1 19,3 19,7 19,7 19,9 20,3 20,54 20,2 19,9 20,1 19,53 
Average 18,77 18,91 19,09 19,27 19,55 19,87 20,02 20,17 20,34 20,48 20,52 20,40 20,35 19,83 
Table 4. Night temperature sampled, obtained in nocturnal transects in °C 
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 Mobile Stations   
Day 
Cerro 
Oro 
Niza 
Il 
Forno 
Cable 
Catolica 
U 
Triangulo 
51 
Plaza 
Manizales 
C 
Fundadores 
Paris 
S 
A 
Terminal 
Villapilar 
C 
La 
Linda 
Average 
feb1 0,16 0 0 0,5 1,42 0,08 0,16 0 0,78 0,16 0,26 0 0 0,27 
feb6 0 0 0 0 0 0 0 0 0 0 0,26 0 0 0,02 
feb7 0 0 0 0 0 0,08 0,42 0 0 0,24 0,78 0 0 0,12 
feb8 0,34 0 0 0 0,62 0,08 0 0,08 0,08 0,26 0,18 0,08 0 0,13 
feb11 0 0,16 0 0,42 0,08 1,22 1,26 0,98 0,16 0,18 0 0 0 0,34 
feb14 0 0 0 0,26 0,24 0 0 0,34 0,16 0 0 0 0 0,08 
feb15 0,7 0 0,54 0 0,88 0,44 0,62 0,26 0,78 0,08 0,18 0 0 0,34 
feb16 0,26 0 0 0,52 0,54 0 0 0,18 0,08 0,34 0 0 0 0,15 
feb22 0 0 0 0,16 0,34 0,52 1,58 0,34 0 0,36 0,9 0 0 0,32 
mar5 0,08 0,42 0,78 0,08 1,3 0,16 0,18 0,08 0 0 0 0 0 0,24 
mar7 0,54 0,36 0 0 0,62 0,08 0 0 0 0,08 0 0 0 0,13 
mar12 0 0 0 0 0,26 0 0,42 0 0 1,06 0,62 0 0 0,18 
mar13 0,07 0 0 0,34 0 0,52 0,98 0 0,88 0,26 0 0 0 0,23 
mar14 0 0 0 0 0,08 0,36 0,52 0,8 0 0,16 0 0 0 0,15 
mar15 0 0 0 0 0 0 0,08 0 0,08 0 0 0 0 0,01 
mar16 0 0 0 0 0,26 0,08 0 0 0 0 0,9 0,62 0 0,14 
Table 5. Wind speed sampled, obtained in nocturnal transect in m/s. 
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 Mobile Stations   
Day 
Cerro 
Oro 
Niza 
Il 
Forno 
Cable 
Catolica 
U 
Triangulo 
51 
Plaza 
Manizales 
C 
Fundadores 
Paris 
S 
A 
Terminal 
Villapilar 
C 
La 
Linda 
Average 
feb1 19,10 18,89 19,32 19,38 19,66 19,68 20,08 20,2 20,16 20,14 20,24 19,72 19,32 19,68 
feb6 18,89 18,77 19,00 19,30 19,76 19,82 20,1 19,9 19,86 20,1 20,2 19,76 19,32 19,60 
feb7 18,55 18,86 19,21 19,48 19,7 19,8 19,8 19,9 19,74 19,7 19,96 20,46 19,88 19,62 
feb8 17,61 18,37 18,65 18,65 18,66 18,94 18,96 19 19,12 19,08 18,8 19,02 18,95 18,76 
feb11 17,67 17,57 17,84 18,02 17,6 17,84 17,96 18,02 18,3 18,76 19,24 19,1 19,19 18,24 
feb14 17,03 17,41 17,19 17,26 17,3 18,1 18,3 18,34 18,6 18,6 18,28 18,18 18,55 17,94 
feb15 18,94 18,78 19,15 18,86 18,8 18,82 18,9 19,4 19,3 20,08 20,68 20,2 20,08 19,38 
feb16 18,71 18,94 18,63 18,78 19,38 20,02 20,1 20,8 21,34 21,4 21,32 21,6 20,91 20,15 
feb22 19,85 19,70 19,62 19,54 19,84 19,7 19,86 20,1 20,66 21,14 21,38 21,14 20,47 20,23 
mar5 19,32 19,73 19,39 19,12 19,62 21,26 21,84 22,46 22,84 22,8 22,44 22,68 22,13 21,20 
mar7 20,29 19,92 20,38 20,79 21,66 21,6 21,6 21,7 21,76 21,8 21,7 21,28 20,46 21,15 
mar12 20,08 20,41 20,79 21,02 21,88 22,6 22,7 22,62 22,7 22,8 22,7 22,7 21,75 21,91 
mar13 19,54 19,38 19,57 20,05 20,6 20,4 20,48 20,28 20,2 19,8 20,16 19,8 19,70 20,00 
mar14 18,86 19,24 19,10 18,87 19,34 20,2 20,3 20,72 21,2 21,6 21,3 21,4 21,14 20,25 
mar15 18,81 18,54 18,71 19,27 19,7 19,58 19,62 19,38 19,42 19,46 19,7 19,16 19,01 19,26 
mar16 18,20 18,62 18,84 19,09 19,3 19,7 19,7 19,9 20,3 20,54 20,2 19,9 19,85 19,55 
Average  18,84 18,95 19,1 19,22 19,55 19,88 20,02 20,17 20,34 20,5 20,52 20,38 20,05 19,81 
Table 6. Temperature corrected by altitude regression in °C 
 STUDY OF HEAT ISLAND PHENOMENON IN ANDEAN COLOMBIAN 
TROPICAL CITY 
35 
 
 
 
The isotherm map (figure 7) demonstrated that the behavior of the temperature in 
downtown have a little variation, in contrast, the area from 51 Plaza to Il Forno Restaurant 
with considerable variation. Comparing this variable with wind speeds the last zone, shows 
a variability of large airstream. 
 
4.3 UHI intensity and temperature trend 
The calculation of intensity UHI obtained by the formula, was a difference of 
environmental temperature of 1,498 °C (Table 7). The day when there was greater 
intensity of the phenomenon was March 5 followed by February 16, March 12 and 14, 
while the lower intensity days were February and March 15. 
The relationship between temperature sampled and wind speed fixed stations 
(Annex 2) was 0.114, which indicates that there is no influence of winds on UHI intensity (-
1 <-0.114 <0) 
 
 
 
 
 
 
 
 
 
 
 
Table 7. Urban heat island intensity in °C 
 
Day Cerro Oro Fundadores  
Uhi 
intensity 
feb1 19,11 20,16 1,05 
feb6 18,89 19,86 0,97 
feb7 18,56 19,74 1,18 
feb8 17,62 19,12 1,50 
feb11 17,68 18,3 0,62 
feb14 17,04 18,6 1,56 
feb15 18,94 19,3 0,36 
feb16 18,71 21,34 2,63 
feb22 19,85 20,66 0,81 
mar5 19,32 22,84 3,52 
mar7 20,29 21,76 1,47 
mar12 20,08 22,7 2,62 
mar13 19,55 20,2 0,65 
mar14 18,86 21,2 2,34 
mar15 18,82 19,42 0,60 
mar16 18,21 20,3 2,09 
Average  18,85 20,34375 1,50 
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While comparing the mobile temperature record of the last eight years of registrations, we 
observed that in the years 2007, 2008, 2009 and 2011  low temperatures were presented, 
compared to mobile temperature in contrast to 2010 when temperatures were warmer 
(Figure 8A and 8B). 
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Figure 5. Thermal map of Manizales city 
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Figure 6. Mobile temperatures contrasted with Network Stations temperature in Celcius degrees. 
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Figure7. Map of Isotherms with map pf wins speed of mobile nocturnal transect. 
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Figure 8. Temperature trend, over the last eight years. A. 2005-2008. B 
2009-2012. 
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Chapter V 
Discussion 
 
5.1 Urban heat island and conformation of the city 
 
The thermal profile of a typical heat island developed by Oke in1976 (view in 
Moreno, 1999) draws a stair on the border, between rural and suburban, indicating a 
marked increase in temperature, with a gradient. Much of the sub-urban area and even 
urban has a plateau-shaped heat, with warmer temperatures in the periphery.  
Often the uniformity of this sector is altered by localized increases or decreases in 
temperature that might correspond with large commercial or industrial areas or with 
large parks and gardens respectively. In some cities, the heat island shows a highest 
peak in the center of the urban area, which marks the place where the highest 
temperature was recorded. 
This type of behavior is evident in the graph 4 and although the stairs are not 
noticeable so marked, we observed a distinction between areas, despite the area being 
comprised is entirely urban; the highest peak in the center of the urban area formed 
from Fundadores Theater station to Paris Store relates to the land use and the form in 
which is conceived the city.  
The urban structure of the city, explains much of the reason for the heat buildup in 
downtown area, from the Fundadores Theater to the Ancient Terminal; there, the few 
winds that exist in the area are channeled into the canopy of the city (Oke. T. R, 1982), 
which fail to dissipate accumulated heat during the day; this  is consistent with 
decreasing wind speed by friction and the front obstacle that suppose buildings screen 
which may be an amount of 10 to 20% between the maximum winds, also observed in 
an increased number of calm (Moreno, 1999). 
This formation of Manizales is established from a dominant centrality: Traditional 
Center include from the area of Market Square (Antique Terminal) to 26 street and from 
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the park Olaya Herrera to Fundadores park (Fundadores Theater). In turn, the center 
has sub-centers specialized around the Plaza de Bolivar and the building of City Hall, 
Market Square, Caldas Park, Fundadores Park and Olaya Herrera Park. 
In the Eastern zone of the city has formed a second centrality (Catholic 
University) Palogrande around the stadium and the main university nucleus (El Cable). 
The presence of a dominant center and centrality alternating articulated by row of 
Santander and Paralela avenues, have constituted the basic elements of the structure 
of the city (Alcaldía de Manizales, 1997). 
This is illustrated in a better way if you follow the conformations of Local Climate 
Zones proposed by Stewart & Oke, 2012 (Figure 9A) and can be better seen in Figure 
9B. 
Also keep in mind that housing has the largest urban land use, representing 
75.91% of the urban area, the institutional use of 7.54%, the commercial equivalent to 
6.23%, while industry accounts for 3.83%. Other uses as the intended for services and 
agro-industrial activities, share the rest of urban area is estimated at 6.49% (Alcaldía de 
Manizales, 1997). 
In downtown area of the city is reflected much of the 6.23% of the commercial, 
where coincide with the historical center, the political center (Caldas Office Governor 
and Mayor of Manizales), religious (Cathedral of Manizales) and Financial District 
(Figure 9A 1 and 2) which influence in the high population density that goes around 
there daily and exerts a pressure on urban environmental factors, causing climatic 
environmental problems such as the heat island phenomenon. 
The change in the perception of temperature is explained because the city 
responds to the adaptation of a very broken topography and abrupt, given its 
geographical location in the middle of the central mountains Andean which makes it 
possess very unique characteristics; is located on the edge of the hill, allowing 
permanent opening to the landscape throughout your route (García, 2008).  
These characteristics influence the taking of temperature which is evident in the 
relation temperature - wind being one neutral connection (1 <0.119 <0), although this is 
an area of confluence of winds for being located in a mountain range, close to the 
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equator and being affected by the Intertropical Confluence Zone, is an ideal place 
where interactions occur between topography and weather elements. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9. A shaping the city following the classif ication of Stewart & Oke, 
2012. 9B. Landscape of the city of Manizales, structural conformation of the 
urban area. 
 
5.2 Urban heat island and wind speed 
 
The effect of range of mountains on the moving air, depends primarily on the 
characteristics of orographic barrier such as the height, width, length and spacing 
A 
2 1 
3 
B 
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between successive barriers, and secondly, the characteristics of wind direction, 
vertical profile and stability of the atmosphere. 
The relief, especially the dimensions and orientation of the mountains respect to 
the prevailing winds, affect large-scale processes; the relative relief and landform to 
regional scale have importance while the slope and aspect cause local weather 
differentiations (Jaramillo, 2005). 
In the case of Manizales, such orographic winds are influenced mainly in the north 
by the presence of the Olivares-Minitas stream, which is close to the city.  Born at 2700 
m, in middle basin go through densely populated areas, in north of the city (Minitas 
neighborhood and Kevin Angel Avenue), joining completely to the urban landscape. 
The visibility of the basin from neighborhoods and roads is common (Franco, 2010). 
In Figure 6 these orographic winds were evidenced, which shows that in the area 
from El Triangulo to El Cable strong air flows confluence, particularly the Catholic 
University area to El Cable, recognized for strong air flows. This area is conformed 
mainly of wingspan and height  buildings which divert to the ground, faster wind flows, 
canalizing them through the streets, with the funnel resulting effect, producing an 
acceleration of the speed (Moreno. G. M., 1999).  
An example in the city is the 62nd street, in the PLAZA 62 building, where winds 
from the Olivares stream are channeled by the streets, very strong flows that are 
reflected in the study. 
These characteristics of wind does not have any relation with the intensity of UHI 
because, the relationship between the two variables turned neutral (-1 <0.114 <0), 
which demonstrates the strong influence of altitude on temperature and UHI intensity, 
explained in the previous topic. 
The higher intensity of UHI demonstrated, corresponded to warm days and starry 
clear nights with calm or no wind, which can be attributed to the fact that the study, was 
conducted in one of the dry season or low rainfall in the region (Jaramillo, 2005), which 
agrees with Roth (2007),  who conducted a review of case studies of UHI in tropical and 
sub-tropical cities comparing them with Singapore, finding in these cities, that UHI 
studies are seasonally very marked, and performed mostly in low rainfall season. 
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UHI intensities are clearly associated with these times, although some cities with 
tropical highland climates show either a very pronounced seasonality like Mexico City 
and Guadalajara and or little variation like Bogota. Although Jauregui (1986 view in 
Roth) suggested that the small amplitude in the case of cities located near the equator 
such as Bogota, could be due to the dry/wet seasonal rhythm which is less 
differentiated. 
But keep in mind that Colombia is one of the countries affected by the 
phenomenon of El Niño and La Niña (Enso) and long periods of temporary dry climate 
or humidity can alter the intensity of UHI, because “unlike their urban counterparts, 
some of the physical properties of the rural surface (e.g. albedo and thermal 
admittance), are subject to considerable seasonal change affecting rural nocturnal 
cooling.  
During the rainy season for example, when rural surfaces are either wet or 
saturated, thermal admittance will be increased. As a result the daily surface 
temperature range will be relatively small and rural cooling decreases with a 
corresponding reduction in the UHI intensity.  
Seasonal UHI differences are therefore likely to be strongest in situations where 
the seasonal contrast in rural moisture properties is large, i.e. in climates with a 
pronounced dry season” (Roth, 2007), which makes more  important, the rural or rur-
urban area care, since the alterations in these areas can significantly affect the climate 
of the cities near them. 
 
5.3 Temperature Trends in the City 
 
The temperature trend is related to the effect of El Niño and La Niña phenomenon 
in the region. The IDEAM (2010) determined that in Colombia the phenomenon El Niño 
and La Niña affects, among other variables, the air temperature, the precipitation and 
the flow rates. When El Niño appears,  apparent slight increases in air temperature are 
evidenced (between 0.2 and 0.5 ° C) in most of the country. 
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These anomalies overcome half-a-degree Celsius in the Pacific region, 
northeastern Caribbean region and much of the Andean region, particularly in the Inter-
Andean valleys in the Santanderes. Due to this behavior, in 2010 their first dry phase or 
low rainfall season was characterized like warm climate to the city (IDEAM, 2010) with 
an average of 17.51°C for those days. 
Other effect climate associated with this phenomenon is the increased amount of 
ultraviolet radiation reaching the earth's surface. The predominance of dry weather 
favors increased hours of sunlight and therefore the amount of incident solar radiation, 
which includes the ultraviolet part of the spectrum. 
Furthermore, when La Niña phenomenon occurred, the temperature drop has 
become evident during daylight hours in the Pacific region, the center, south and 
northeast of the Andean region, the middle and north of the Caribbean region as well as 
very localized areas of Arauca (IDEAM, 2010), which explains the temperature behavior 
in the years 2007, 2008, 2009 and 2011 showing a lower average for Manizales city 
(15.05 ° C to 15.99 ° C), because in these years, La Niña influence in the region was 
stronger (NOAA , 2013) causing millionaire damages across the country.  
Comparing the overall behavior of the sampled temperatures corrected by altitude 
regression, versus the last eight years data, the temperature has a  fluctuation  
according to the general climate contexts that affected the region, also the difference 
between these two temperature measurements is perceived, because these are the 
temperatures of the IDEA network stations,  but help as reference to know the behavior 
of overall temperature of the city with relation to the downtown area to work on this 
study. 
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Chapter VI 
Conclusions 
 
In this study, there was evidence that the conformation of Manizales city, due to 
their topography, influences in the generation of heat island, downtown, this, combined 
with the presence of few winds, makes the intensity of the phenomenon even greater in 
cloudless nights with calm winds. 
In addition, the structural shape that the city has, facilitates the channeled winds, 
which fail to dissipate the heat accumulated during the day, because most of the urban 
area is made up of high-rise buildings, which deflect the wind directions in areas such 
as the Plaza 51, El Triangulo and Catholic University, when is also evident the influence 
of winds coming from the Olivares – Minitas canyon stream. 
It should be noted, that the use of urban land in the city, especially downtown, 
coincides with the historical, financial, commercial and religious area. This one handles 
a large affluent of people and vehicles in the day, what is causing a great environmental 
thermal pressure downtown, without counting other pollution sources presented in this 
area. 
The growth of the city can only be generated vertically, because the rugged 
topography prevents the growth to the periphery; nowadays the urban area is being 
transformed in Santander Avenue, where the thermal transect was conducted, from 
two-level houses to buildings of considerable height. This can generate a new use of 
attractive land to the city economy, but without considering the long-term environmental 
consequences that this change would generate in Manizales urban, like the increase of 
UHI in the case.  
This problem generates a possibility to see the city with new eyes, especially 
downtown, because their mobility plan should be changed as important cities of the 
world have done, they transformed downtown areas in pedestrian zones and 
environmentally clean; using ways of transport more environmental, friendly as the 
bicycle or placing urban tolls for the movement of vehicles in these zones, this with the 
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purpose to take care of historic centers and urban landscapes, in addition to contribute 
to the decline air pollution in the city. 
Finally, (and a little speculating about the need to deep into the research) the 
urban heat island evidenced in Manizales city is affecting the population culture, which 
is adapting slowly to the environmental temperature change, represented for example in 
a mode of dress, as well as the environment, with the presence of birds, insects and 
plants that formerly did not occur in these altitudinal level. The previous, was equally 
related with the presence or increase of frequency with which some sickness like 
Influence occurs.  
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Chapter VII 
Recommendations 
 
With the aim of continue the urban climate research in Manizales city, it  is 
recommended to include in the methodology, the use of equipment to measure the heat 
absorption in buildings and sensors, that measure radiation emitting in these 
constructions at night. Additionally, assessing sky view factor, measuring the canyons 
formed by the buildings and comparing the different land uses that exist in the city, 
considering that are at the same altitude, to avoid the use of mathematical corrections 
for altitude. 
Furthermore, it is also recommended to measure downtown as the 23, 22 and 21 
streets where focus a great part of the economic and social dynamics of Manizales, and 
compare between them to obtain a more detailed knowledge of urban climate 
downtown.  
In future research, also make a study involving the relationship between the heat 
of the city with gas pollution, produced by the excessive presence  of vehicles in the city 
in hours called "peak", to know if there is or not a relation between these two urban 
pollutions. 
In addition, to contribute to a solution that can be applied in the city in short and 
medium term, the restriction on private vehicles on the streets, should be implemented 
again, depending on the number plate which is commonly known as peak and plate in 
Colombia, since this measure currently only applies to public service vehicles, this in 
order to reduce congestion areas such as Santander and Paralela avenues and 22, 16 
and 17 streets. 
Another measure that is recommended to implement, is to split the streets of 
downtown to be used for public transport vehicles, in one direction only, and 
exclusively, serving the route established by the company; in addition, to make a control 
on the number of routes from the output station of the companies, providing urban 
transport services presented by the city, with the aim of contributing to the reduction of 
 STUDY OF HEAT ISLAND PHENOMENON IN ANDEAN COLOMBIAN 
TROPICAL CITY 
50 
 
 
 
environmental pollution from vehicular traffic and public transport, because during the 
day the amount of cars running in the 20 street is excessive.  
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Appendix 1 
Environmental Temperature of Network Stations, in 
Celsius degrees 
 
Ingeominas 
 
Day 2004 2005 2006 2007 2008 2009 2010 2011 2012 Average 
feb 1 18,031 16,468 15,012 18,221 14,264 15,614 20,469 16,476 15,049 16,623 
feb 6 18,498 18,462 16,223 17,530 16,380 15,855 15,603 13,759 14,101 16,268 
feb 7 17,730 18,274 15,478 17,829 16,218 14,588 18,258 13,827 16,330 16,504 
feb 8 18,281 16,411 16,389 17,065 17,362 14,922 17,916 14,954 13,605 16,323 
feb 11 17,779 14,573 17,500 18,457 16,061 16,222 18,296 15,049 15,188 16,569 
feb 14 17,369 16,384 17,563 16,204 15,920 13,651 16,759 15,552 16,061 16,163 
feb 15 16,619 16,128 16,839 16,493 15,978 14,942 18,016 15,654 16,082 16,306 
feb 16 17,504 14,126 17,678 13,603 13,123 14,750 17,298 14,134 15,518 15,304 
feb 22 15,483 17,334 17,354 16,592 14,744 15,434 19,050 16,212 15,072 16,364 
mar 5 15,316 17,174 17,333 15,508 15,197 16,818 18,517 14,904 14,848 16,180 
mar 7 15,068 14,852 15,669 14,932 14,746 14,975 17,946 16,067 17,984 15,804 
mar 12 16,954 17,822 14,813 16,465 13,815 16,364 18,565 15,044 16,824 16,296 
mar 13 19,164 17,327 15,645 15,693 13,479 15,167 17,827 14,792 15,545 16,071 
mar 14 19,048 16,958 15,935 15,090 12,344 16,609 17,818 15,867 14,973 16,071 
mar 15 18,003 15,949 15,718 16,374 15,580 16,092 18,340 15,339 18,560 16,662 
mar 16 17,8192 16,9904 16,4084 14,9984 16,0332 15,7908 16,7336 15,8264 15,272 16,208 
Average 17,417 16,577 16,347 16,316 15,078 15,487 17,963 15,216 15,688 
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El Carmen 
 
Day 2005 2006 2007 2008 2009 2010 2011 2012 Average 
feb 1 17,963 15,663 19,042 15,709 16,551 20,489 20,633 17,656 17,963 
feb 6 16,798 16,992 17,840 16,927 16,538 16,513 16,288 16,492 16,798 
feb 7 17,279 16,132 17,676 16,832 14,575 19,301 15,634 20,809 17,280 
feb 8 17,162 16,533 18,218 18,196 14,879 18,220 18,332 15,758 17,162 
feb 11 17,649 18,399 19,046 16,656 16,722 18,862 16,867 16,996 17,650 
feb 14 17,484 17,754 17,375 16,806 14,432 17,289 18,345 20,393 17,485 
feb 15 17,721 17,135 17,301 17,330 16,014 18,353 17,206 20,713 17,722 
feb 16 16,341 18,501 14,291 13,798 15,467 17,274 14,954 20,109 16,342 
feb 22 17,979 18,047 17,721 15,447 16,043 19,816 19,549 19,232 17,979 
mar 5 17,708 18,132 15,718 16,352 17,984 19,489 15,895 16,520 17,225 
mar 7 15,529 15,899 15,541 15,824 15,510 18,478 16,494 18,802 16,510 
mar 12 18,250 15,480 17,126 14,098 17,924 19,418 16,542 17,998 17,104 
mar 13 18,167 16,909 16,624 14,240 16,456 19,093 16,066 16,954 16,814 
mar 14 18,116 16,124 15,731 13,138 17,153 19,122 17,323 16,000 16,589 
mar 15 16,133 16,574 17,061 16,576 16,720 18,578 16,683 20,137 17,308 
mar 16 17,529 16,768 15,625 16,792 16,064 17,374 16,734 16,717 16,700 
Average 17,363 16,940 16,996 15,920 16,190 18,604 17,097 18,205   
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Hospital 
 
Day 2008 2009 2010 2011 2012 Average 
feb 1 15,682 16,649 21,012 17,458 16,570 17,474 
feb 6 16,806 15,942 16,550 14,174 15,606 15,816 
feb 7 16,485 15,078 19,380 14,626 18,143 16,742 
feb 8 17,771 15,456 18,352 15,458 15,111 16,430 
feb 11 16,337 16,614 19,396 16,430 16,610 17,077 
feb 14 16,370 14,174 17,242 17,077 17,340 16,441 
feb 15 16,751 16,240 18,748 16,202 17,120 17,012 
feb 16 13,820 15,468 17,952 14,800 16,389 15,686 
feb 22 15,047 16,014 19,921 17,243 17,056 17,056 
mar 5 15,942 17,857 19,989 15,953 14,931 16,934 
mar 7 16,009 15,640 19,040 16,769 15,885 16,669 
mar 12 14,342 17,696 19,774 17,251 16,143 17,041 
mar 13 14,173 16,740 19,161 16,670 15,728 16,494 
mar 14 13,123 17,171 18,871 17,559 15,648 16,474 
mar 15 16,476 16,561 18,663 16,799 17,306 17,161 
mar 16 16,752 15,965 17,436 16,740 16,342 16,647 
Average 15,743 16,204 18,843 16,326 16,370 
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La Palma 
 
Day 2007 2008 2009 2010 2011 2012 Average 
feb 1 17,829 20,275 19,331 24,073 20,156 18,452 20,019 
feb 6 19,995 19,636 18,428 22,435 16,903 17,183 19,096 
feb 7 19,811 19,715 17,405 19,361 16,980 19,941 18,869 
feb 8 20,866 19,468 17,400 21,912 18,216 17,018 19,147 
feb 11 19,505 20,233 19,552 21,798 18,709 19,006 19,800 
feb 14 19,254 17,732 16,981 19,881 19,462 20,060 18,895 
feb 15 19,495 18,544 18,787 21,662 19,034 20,216 19,623 
feb 16 16,141 15,068 18,457 21,512 17,118 19,737 18,006 
feb 22 17,790 18,678 19,328 22,700 20,050 19,096 19,607 
mar 5 17,052 18,311 20,113 22,495 18,278 19,663 19,319 
mar 7 16,449 18,158 17,680 21,836 19,948 20,089 19,027 
mar 12 19,304 16,845 20,433 22,179 19,029 20,550 19,723 
mar 13 17,844 16,713 19,166 21,844 19,078 20,261 19,151 
mar 14 17,169 15,380 20,355 21,852 19,640 18,486 18,813 
mar 15 18,594 18,823 19,589 22,142 19,233 21,385 19,961 
Average 18,345 18,329 18,829 21,763 18,816 19,304 
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Niza 
 
Day 2010 2011 2012 Average 
feb 1 16,125 16,908 20,428 17,821 
feb 6 15,357 14,435 16,524 15,439 
feb 7 17,724 13,964 19,078 16,922 
feb 8 15,011 15,461 17,870 16,114 
feb 11 16,518 15,518 18,926 16,987 
feb 14 16,972 16,201 17,043 16,739 
feb 15 16,597 15,580 18,017 16,732 
feb 16 17,016 14,324 17,589 16,31 
feb 22 16,266 15,069 19,332 16,889 
mar 5 16,064 15,180 16,94 16,064 
mar 7 17,063 16,103 17,185 16,783 
mar 12 17,202 16,335 17,801 17,112 
mar 13 16,797 15,804 17,757 16,786 
mar 14 17,096 16,539 16,7637 16,799 
mar 15 17,270 16,430 18,394 17,365 
mar 16 16,851 15,724 14,3864 15,653 
Average 16,620 15,598 17,753 
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Postgrados 
 
Day 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 Average 
feb 1 16,540 16,948 16,914 15,262 14,898 17,447 15,078 15,528 19,244 19,192 15,501 16,596 
feb 6 16,836 17,484 17,718 17,243 16,289 16,066 15,820 14,665 16,332 13,828 14,664 16,086 
feb 7 17,268 16,660 17,617 18,146 15,716 15,816 15,227 14,198 18,438 13,754 17,556 16,399 
feb 8 15,280 16,264 17,178 16,418 14,987 17,602 17,074 14,336 17,243 15,374 14,439 16,018 
feb 11 15,672 16,604 16,742 14,831 17,724 17,222 15,324 15,435 18,169 15,474 15,864 16,278 
feb 14 15,884 16,880 16,676 16,332 16,144 16,393 15,754 13,873 16,962 15,582 16,191 16,061 
feb 15 16,972 16,752 17,245 16,777 16,060 15,838 16,326 15,427 17,481 15,302 15,688 16,352 
feb 16 16,592 16,224 15,761 14,165 17,170 13,615 12,976 14,348 16,539 13,984 16,809 15,289 
feb 22 16,476 17,540 15,043 17,356 16,494 16,333 14,818 14,871 19,076 16,474 15,528 16,364 
mar 5 15,880 16,856 15,366 16,675 16,924 14,702 15,402 15,402 17,031 19,062 15,416 16,247 
mar 7 15,116 17,380 14,879 15,237 14,645 15,039 15,289 15,289 15,254 17,632 15,360 15,556 
mar 12 15,792 17,604 17,454 16,833 15,065 15,831 13,334 13,334 17,156 18,766 16,199 16,124 
mar 13 17,132 16,236 17,824 16,995 16,449 15,788 13,493 13,493 16,133 18,760 15,592 16,172 
mar 14 15,936 16,292 17,507 17,278 15,493 15,080 12,390 12,390 16,144 18,293 16,056 15,715 
mar 15 15,028 13,120 18,227 15,082 15,843 16,098 15,517 15,517 15,365 17,162 15,823 15,707 
mar 16 15,028 16,292 16,918 16,932 15,653 14,913 15,420 15,420 14,928 15,863 16,127 15,772 
Average 16,090 16,571 16,817 16,348 15,972 15,861 14,953 14,595 16,968 16,531 15,801 
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Yarumos 
 
Day 2004 2005 2006 2007 2008 2009 2010 2011 2012 Average 
feb 1 15,342 13,967 15,663 16,026 13,878 14,764 17,859 14,905 14,585 15,221 
feb 6 16,991 16,377 16,992 14,407 15,188 13,598 15,872 13,647 13,878 15,217 
feb 7 17,160 17,672 16,132 13,987 14,639 13,854 17,423 13,101 16,338 15,590 
feb 8 16,307 16,194 16,533 17,020 16,050 13,948 16,412 14,648 14,199 15,701 
feb 11 15,294 14,402 18,399 16,111 14,711 14,760 17,211 14,800 15,889 15,731 
feb 14 16,026 15,198 17,754 15,353 14,740 13,768 16,089 14,580 14,796 15,367 
feb 15 14,406 16,444 17,135 14,778 15,033 15,028 16,413 14,482 15,220 15,438 
feb 16 15,369 13,958 18,501 13,061 12,913 13,398 15,669 13,201 14,217 14,476 
feb 22 14,158 16,328 18,047 14,622 14,259 14,117 17,871 14,494 15,127 15,447 
mar 5 14,417 15,924 18,132 13,573 14,796 16,189 15,016 14,154 15,016 15,246 
mar 7 14,140 14,750 15,899 14,458 14,420 14,954 14,458 14,622 14,458 14,684 
mar 12 15,794 15,696 15,480 14,815 13,070 16,196 17,642 15,322 15,384 15,489 
mar 13 16,733 16,093 16,909 14,967 12,957 15,602 17,228 14,349 15,492 15,592 
mar 14 16,638 16,312 16,124 14,280 12,153 14,564 17,450 14,598 15,039 15,240 
mar 15 16,998 13,890 16,574 14,822 14,433 14,311 16,067 14,406 14,974 15,164 
mar 16 15,888 16,360 16,768 14,310 14,782 14,450 15,110 14,858 15,072 15,289 
Average 15,729 15,598 16,940 14,787 14,251 14,594 16,487 14,385 14,980 
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Appendix 2 
 
Wind Speed of Network Stations in m/s  
 
Ingeominas 
 
Day 2012 2011 2010 2009 2008 2007 2006 2005 2004 Average 
feb 1 0,782 0,160 0,071 0,303 0,357 0,285 1,123 0,678 1,000 0,529 
feb 6 4,179 0,660 0,187 0,214 0,196 1,909 0,285 0,355 0,823 0,979 
feb 7 0,426 1,784 0,000 0,160 0,802 1,319 0,196 0,783 0,572 0,672 
feb 8 0,800 0,338 0,160 2,115 0,517 2,552 0,107 0,195 0,232 0,780 
feb 11 0,337 0,000 0,036 
 
0,196 0,482 0,089 0,106 0,411 0,207 
feb 14 0,891 0,000 0,018 0,071 0,124 0,392 1,140 0,000 0,072 0,301 
feb 15 0,980 0,143 0,196 0,107 0,338 0,000 1,516 0,054 1,002 0,482 
feb 16 0,516 0,338 0,446 0,107 1,286 1,213 0,160 0,570 0,680 0,591 
feb 22 0,124 0,000 0,089 0,053 0,000 0,320 0,552 0,427 0,912 0,275 
mar 5 0,185 0,000 0,142 0,000 0,071 0,071 0,446 0,018 0,179 0,124 
mar 7 0,658 0,089 0,535 0,464 0,000 0,892 0,089 0,036 0,429 0,355 
mar 12 0,658 0,000 0,054 0,339 1,516 0,160 0,338 0,124 1,879 0,563 
mar 13 0,463 0,000 0,089 0,089 0,160 0,160 0,036 0,035 0,894 0,214 
mar 14 1,393 0,000 0,374 1,089 0,231 0,089 0,463 0,053 0,948 0,515 
mar 15 0,708 0,000 0,374 0,196 0,232 0,178 0,498 1,820 0,305 0,479 
mar 16 4,853 0,142 0,000 0,000 0,196 0,339 1,285 0,213 0,376 0,823 
Average 1,122 0,228 0,173 0,354 0,389 0,648 0,520 0,342 0,670 
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El Carmen 
 
Day 2012 2011 2010 2009 2008 2007 2006 2005 Average 
feb 1 0,000 0,054 0,196 0,089 0,587 0,178 0,623 0,000 0,216 
feb 6 0,000 0,143 1,283 0,141 0,107 0,712 0,499 0,000 0,361 
feb 7 2,804 0,516 0,106 0,838 0,195 0,266 0,463 0,000 0,648 
feb 8 0,712 0,142 0,160 0,480 0,196 0,783 0,196 0,000 0,334 
feb 11 0,285 0,196 0,036 0,178 0,053 0,426 0,390 0,000 0,196 
feb 14 0,428 0,000 0,088 0,463 0,177 1,266 0,730 0,000 0,394 
feb 15 0,160 0,178 0,214 0,250 0,659 0,035 0,783 0,783 0,383 
feb 16 0,124 0,285 0,035 0,000 0,196 0,266 0,623 0,018 0,193 
feb 22 0,749 0,036 0,196 0,000 0,748 0,481 0,248 0,908 0,421 
mar 5 0,000 0,036 0,623 0,054 0,161 0,018 0,142 0,142 0,147 
mar 7 0,056 0,036 0,196 0,286 0,036 0,463 0,018 0,035 0,141 
mar 12 0,037 0,160 0,035 0,801 0,730 0,071 0,285 0,266 0,298 
mar 13 0,000 0,462 1,123 0,035 0,053 0,517 0,160 0,196 0,318 
mar 14 0,193 0,000 1,427 0,338 0,035 0,000 0,089 0,160 0,280 
mar 15 0,074 0,267 0,213 0,088 0,160 0,106 0,124 0,926 0,245 
mar 16 1,636 0,089 0,071 0,000 0,106 0,124 0,623 1,980 0,579 
Average 0,454 0,162 0,375 0,253 0,262 0,357 0,375 0,338 
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Hospital 
  
Day 2012 2011 2010 2009 2008 Average 
feb 1 0,749 1,320 1,426 0,872 0,266 0,927 
feb 6 0,286 0,517 1,427 0,748 1,981 0,992 
feb 7 3,412 0,909 0,445 1,891 1,319 1,595 
feb 8 0,125 1,338 0,624 1,676 1,837 1,120 
feb 11 0,054 0,000 1,034 0,587 0,872 0,509 
feb 14 0,803 0,000 0,160 0,231 0,570 0,353 
feb 15 0,518 0,392 1,142 1,034 0,372 0,691 
feb 16 0,000 0,857 1,659 0,838 0,624 0,796 
feb 22 0,125 0,160 0,410 1,050 0,302 0,409 
mar 5 0,000 0,304 0,410 0,410 0,338 0,292 
mar 7 0,390 0,624 0,892 0,783 0,266 0,591 
mar 12 0,390 0,107 0,071 0,909 2,552 0,806 
mar 13 0,056 0,444 0,410 0,338 1,034 0,457 
mar 14 0,390 0,250 1,517 1,444 0,284 0,777 
mar 15 0,409 0,303 2,035 1,998 0,872 1,123 
mar 16 3,032 0,482 0,998 0,640 1,282 1,287 
Average 0,671 0,500 0,916 0,966 0,923 
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La Palma 
 
Day 2012 2011 2010 2009 2008 2007 2006 Average 
feb 1 0,018 0,089 0,374 0,000 0,443 0,071 0,000 0,142 
feb 6 0,285 0,071 0,569 0,000 0,000 0,586 0,000 0,216 
feb 7 0,427 1,265 0,160 0,000 0,142 0,231 0,400 0,375 
feb 8 0,000 0,410 0,000 0,000 0,089 0,515 0,000 0,145 
feb 11 0,089 0,036 0,000 0,000 0,000 0,018 0,900 0,149 
feb 14 0,035 0,106 0,036 0,284 0,000 0,053 0,000 0,073 
feb 15 0,036 0,000 0,000 0,177 0,107 0,000 0,000 0,046 
feb 16 0,035 0,071 0,018 0,053 0,374 0,266 1,800 0,374 
feb 22 0,000 0,391 0,088 0,000 0,534 0,018 1,340 0,339 
mar 5 0,018 0,036 0,676 0,018 0,000 0,053 0,440 0,177 
mar 7 0,000 0,018 0,107 0,036 0,018 0,231 0,000 0,058 
mar 12 0,000 0,000 0,035 0,336 0,551 0,373 0,000 0,185 
mar 13 0,018 0,320 0,106 0,232 0,070 1,140 0,440 0,332 
mar 14 0,000 0,000 0,747 0,089 0,000 0,178 0,000 0,145 
mar 15 0,000 0,000 0,036 0,142 0,000 0,533 0,000 0,102 
mar 16 2,193 0,427 0,000 0,018 0,000 0,106 5,810 1,222 
Average 0,197 0,202 0,184 0,087 0,146 0,273 0,696 
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Day 2012 2011 2010 Average 
feb 1 0,177 0,141 0,764 0,361 
feb 6 0,142 0,213 1,319 0,558 
feb 7 2,570 0,783 0,980 1,444 
feb 8 0,248 1,122 0,302 0,557 
feb 11 0,390 0,462 0,336 0,396 
feb 14 0,214 0,000 0,178 0,130 
feb 15 0,373 1,068 0,818 0,753 
feb 16 0,195 1,050 0,514 0,587 
feb 22 0,337 0,159 0,728 0,408 
mar 5 0,148 0,301 0,462 0,304 
mar 7 0,723 0,036 0,443 0,401 
mar 12 0,276 0,373 0,194 0,281 
mar 13 0,053 0,480 1,212 0,582 
mar 14 0,332 0,035 1,301 0,556 
mar 15 0,110 0,729 1,032 0,624 
mar 16 1,150 0,408 0,693 0,751 
Average 0,465 0,460 0,705 
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Day 2012 2011 2010 2009 2008 2007 2006 2005 2004 2003 2004 Average 
feb 1 0,945 0,112 1,462 1,033 0,319 1,587 0,926 1,623 1,412 1,072 1,612 1,100 
feb 6 2,159 1,122 0,550 1,659 1,194 1,444 0,533 1,533 0,572 1,524 1,288 1,234 
feb 7 0,605 1,015 1,104 1,141 1,800 1,498 0,551 0,944 0,698 1,736 0,664 1,069 
feb 8 0,195 0,693 0,890 1,480 0,872 0,551 0,337 0,230 1,109 1,408 0,496 0,751 
feb 11 0,053 0,257 1,212 0,783 1,212 1,426 0,676 0,319 1,037 1,240 1,780 0,909 
feb 14 0,801 1,014 0,266 0,106 0,980 1,051 1,105 1,408 1,198 0,660 0,852 0,858 
feb 15 0,698 0,810 1,176 0,265 0,873 1,480 1,122 0,926 1,807 1,280 1,084 1,047 
feb 16 0,196 0,820 1,570 1,068 0,480 0,248 1,390 0,550 1,020 0,864 1,576 0,889 
feb 22 0,944 0,846 0,997 1,355 0,284 1,355 1,122 0,854 0,912 1,128 0,636 0,948 
mar 5 0,445 0,400 0,516 0,855 0,568 1,658 1,230 0,748 0,464 2,348 1,204 0,949 
mar 7 0,762 1,212 0,980 0,640 0,730 0,856 1,452 0,284 0,948 1,884 2,136 1,080 
mar 12 0,762 0,551 0,712 0,729 0,890 1,443 0,408 1,461 1,879 1,468 1,164 1,042 
mar 13 0,853 1,212 0,820 0,408 0,747 0,266 0,213 1,267 1,394 1,104 0,988 0,843 
mar 14 1,095 1,320 0,854 0,836 0,408 1,194 0,837 0,409 1,735 1,168 0,548 0,946 
mar 15 0,835 1,033 1,694 1,373 0,908 0,640 0,568 1,069 0,984 0,980 1,780 1,079 
mar 16 0,651 0,480 1,730 1,193 1,515 0,354 1,015 1,070 1,288 0,904 1,780 1,089 
Average 0,750 0,806 1,033 0,933 0,861 1,066 0,843 0,919 1,154 1,298 1,224 
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Day 2012 2011 2010 2009 2008 2007 2006 2005 2004 Average 
feb 1 1,017 0,237 1,427 1,301 0,428 0,926 0,570 1,266 1,395 0,952 
feb 6 0,812 1,987 1,980 1,782 1,623 1,443 0,267 1,498 1,037 1,381 
feb 7 0,499 2,121 0,374 1,284 1,890 1,301 0,213 0,356 0,857 0,988 
feb 8 0,000 1,505 1,552 2,160 1,355 0,481 1,248 0,071 1,358 1,081 
feb 11 0,053 0,460 1,337 1,408 1,195 0,945 0,499 0,124 1,037 0,784 
feb 14 1,409 2,020 1,338 0,178 1,052 0,445 1,052 1,211 1,198 1,100 
feb 15 0,000 1,524 0,784 0,302 0,642 1,140 1,248 0,391 1,395 0,825 
feb 16 0,000 1,710 1,497 1,392 0,731 0,035 1,176 0,231 1,557 0,925 
feb 22 0,000 2,348 1,801 1,676 0,178 1,355 0,356 0,963 0,840 1,057 
mar 5 0,000 0,342 0,000 1,034 0,482 1,355 0,677 0,730 0,786 0,676 
mar 7 0,000 2,022 0,000 0,677 0,891 0,106 1,025 0,410 0,948 0,760 
mar 12 0,000 0,717 1,177 0,677 1,784 1,372 0,713 1,568 1,879 1,099 
mar 13 0,000 0,993 0,998 0,784 1,533 0,250 0,231 0,998 1,521 0,812 
mar 14 0,000 1,916 0,676 1,338 0,249 1,035 0,731 0,534 2,040 0,947 
mar 15 0,000 1,676 1,837 1,909 1,444 1,158 0,518 1,498 0,804 1,205 
mar 16 0,000 0,716 1,498 1,320 1,570 0,838 0,909 1,729 1,467 1,116 
Average 0,237 1,393 1,305 1,201 1,065 0,887 0,715 0,849 1,257 
 
 
 
 
